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1
BENZODIAZOLO ANALOGS

FIELD OF THE INVENTION

The present invention relates to benzodiazolo analogs
having potassium channel activating activity, and more
particularly concerns such compounds which are useful
for cardiovascular disorders.

SUMMARY OF THE INVENTION

In accordance with the present invention novel com-
pounds useful, for example, as antiischemic agents, are
disclosed. These compounds have the general formula

Ri—Y I
)=x
Rs—N
N R>
/
X5 R:
\N,,,-,
2 Ry

and pharmaceutically accéptable salts thereof,
wherein X 1s —O—,

R3'
/
—C
N\
R4

or a single bond;
X1is —O—, —S5— or N—C=N;
X518 —O—or —NH—;
Y is —NRg, —O—, —S— or

R+

l
—CH—:

R; is aryl, arylalkyl, heterocyclo or (heterocyclo)al-
kyl;
Rs 1s hydrogen, hydroxy,

—QOCCHj;;
I
O

R3, R3', R4 and R4 are independently selected from
hydrogen, alkyl or arylalkyl, or, R3 and R4 (or R3'and
R4’) taken together with the carbon atom to which they
are attached form a 5- to 7-membered ring; with the
proviso that if R3 and/or R4 are other than hydrogen,
then R3’' and R4’ are each hydrogen;

Rsand Rgare each independently hydrogen, alkyl or
arylalkyl; or R;jand Rs, or, Rsand Rgor Rjand Retaken
together can form a 5- to 7-membered ring, which may

further include an aryl group fused to 2 carbon atoms of g

such 5- to 7-membered ring; and,
R~ is hydrogen, hydroxy, alkyl or O-alkyl.

DETAILED DESCRIPTION OF THE PRESENT
INVENTION

This invention in its broadest aspects relates to the
benzodiazolo analogs of formula I above, to composi-
tions and the methods of using such compounds. The
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2

compounds of formula 1 are useful, for example, as
cardiovascular agents.

The term “alkyl” used in defining various symbols
refers to straight or branched chain saturated hydrocar-
bon radicals having up to eight carbons, preferably
from one to five carbons. Similarly, the terms “alkoxy”
and “alkylthio” refer to such alkyl groups attached to

an oxygen or sulfur.

The term ‘“‘alkenyl” refers to straight or branched
chain hydrocarbon radicals having from two to eight
carbons and one double bond, preferably three to five
carbons. The term “alkynyl” refers to straight or
branched chain hydrocarbon radicals having from two
to eight carbons and one triple bond, preferably three to
five carbons. .

The term “cycloalkyl” refers to saturated carbocy-
clic rings of 3 to 7 carbon atoms with cyclopropyl,
cyclopentyl and cyclohexyl being most preferred.

The term “halo” or “halogen” refers to chloro,
bromo, 10do and fluoro.

The term “halo substituted alkyl” refers to such alky!
groups described above in which one or more hydro-
gens have been replaced by chloro, bromo or fluoro
groups such as trifluoromethyl, which is preterred,pen-
tafluoroethyl,  2,2,2-trichloroethyl,  chloromethyl,
bromomethyi, etc.

The term “aryl” refers to phenyl, l-naphthyl, 2-
naphthyl or mono substituted phenyl, 1-naphthyl, 2-
naphthyl wherein said substituent is alkyl of 1 to 4 car-
bons, alkylthio of 1 to 4 carbons, alkoxy of 1 to 4 car-
bons, halo, nitro, cyano, hydroxy, amino, —NH—alkyl
wherein alkyl is of 1 to 4 carbons, —N(alkyl)> wherein
alkyl is of 1 to 4 carbons, N(R3)CO-R3, N(R9)COCEFs3,
N(R¢)CO-amino, N(Rg)CO-substituted amino, CORy,
COORg (wherein Rg is Rs, aryl and haloalkyl),

Ry
—CF3;, —OCHF;, —O—CH>

—S=—CH>»

(wherein Rgis hydrogen, alkyl of 1 to 4 carbons, alkoxy
of 1 to 4 carbons, alkylthio of 1 to 4 carbons, halo,
hydroxy or CF3), —O—CHa-cycloalkyl, or —S—CH-
s—cycloalkyl, and di-substituted phenyl, 1-naphthyl,
2-naphthyl wherein said substituents are selected from
methyl, methoxy, methylthio, halo, CF3, nitro, amino,
and OCHEF».

Preferred aryl groups include unsubstituted phenyl
and monosubstituted phenyl wherein the substituents
are nitro, halo, —CF3, alkyl, cyano or methoxy.

The term ‘“heterocyclo” refers to fully saturated or
unsaturated rings of 5 or 6 atoms containing one or two
O and S atoms and/or one to four N atoms provided
that the total number of hetero atoms in the ring is 4 or
less. The hetero ring is attached by way of an availabie
atom. Preferred monocyclic hetero groups include 2-
and 3-thienyl, 2- and 3-furyl, 2-, 3- and 4-pynidyl, and
imidazolyl. The term hetero also includes bicyclic rings
wherein the five or six membered ring containing O, S
and N atoms as defined above is fused to a benzene ring
and the bicyclic ring is attached by way of an available
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- carbon atom. Preferred bicyclic hetero groups include
4, 5, 6, or 7-indolyl, 4, 5, 6, or 7-isoindolyl, 5, 6, 7 or
8-quinolinyl, 5, 6, 7 or 8-isoquinolinyl, 4, 5, 6, or 7-ben-
zothiazolyl, 4, §, 6 or 7-benzoxazolyl, 4, 5, 6 or 7-ben-
zimidazolyl, 4, 5, 6 or 7-benzoxadiazolyl, and 4, 5, 6 or
7-benzofuranzanyl.

The term heterocyclo also includes such monocyclic

and bicyclic rings wherein an available carbon atom is
substituted with a lower alkyl of 1 to 4 carbons, lower

alkylthio of 1 to 4 carbons, lower alkoxy of 1 to 4 car-

bons, halo, nitro, keto, cyano, hydroxy, amino, —NH-

alkyl wherein alkyl 1s of 1 to 4 carbons, —N(alkyl);
wherein alkyl is of 1 to 4 carbons, CF3, or OCHF; or
such monocyclic and bicyclic rings wherein two or
three available carbons have substituents selected from
methyl, methoxy, methylthio, halo, CF3, nitro, hy-
droxy, amino and OCHF-.

‘The term “substituted amino” refers to a group of the
formula —NZZ; wherein Z; is hydrogen, alkyl, cyclo-
alkyl, aryl, arylalkyl, cycloalkylalkyl and Z, is alkyl,
- cycloalkyl, aryl, arylalkyl, cycloalkylalkyl or Z;and Z,
taken together with the nitrogen atom to which they are
attached are l-pyrrolidinyl, l-piperidinyl, l-azepinyl,

4-morpholinyl, 4-thiamorpholinyl, 1-piperazinyl, 4-
alkyl-1-piperazinyl, 4-arylalkyl-1-piperazinyl, 4-diary-
lalkyl-1-piperazinyl, 1-pyrrolidinyl, 1-piperidinyl, or

l-azepinyl substituted with alkyi, alkoxy, alkylthio,
halo, trifluoromethyl! or hydroxy.

The compounds of formula I wherein Y is —NR3, X
is —NCN can be prepared by treatment of a thiourea of
the formula

R Rg I
N /
N
)=s
NC"""T'*J
H

- with an amine of the formula

111

Rs—NH
N Ry
X/ )
R
g s
X |
R4

in the presence of a coupling agent, e.g., a carbodiimide,
in an organic solvent, such as dimethylformamide, tetra-
hydrofuran, acetonitrile or dichloromethane. If dicyclo-
hexylcarbodiimide is used, it should be employed with
an acid source. Preferably, the carbodiimide is of the
formula

Rg
N\
N—CH)—(CHj);,,—N=C=N—R_,.HX

/
Ry

wherein X 1s halogen, Ry, Rpand R, are independently
alkyl, cycloalkyl, phenyl, phenylalkyl, cycloalkylalkyl
or R, and R taken together with the nitrogen atom to
which they are attached form 1-pyrrolidinyl, 1-piperidi-
nyl, 4-morpholinyl, 4-thiomorpholinyl, 4-alkyl-l-
- piperazinyl or 4-phenylalkyl-1-piperazinyl. Most prefer-
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4
ably the carbodiimide i1s 1-(3-dimethylaminopropyl)-3-
ethylcarbodiimide hydrochloride.
The thiourea of formula II, wherein R¢ is hydrogen
can be prepared by heating an isothiocyanate of the
formula

IV

Ri N..__-C—-S

with either monosodium cyanamide or with cyanamide
in the presence of an organic base, such as triethyl
amine.

The other thioureas of formula II, i.e. where Rg 1s
other than hydrogen, can be prepared by standard
methods described in the literature, such as by C. R.

Rasmussen, F. J. Villany, Jr., L. E. Weaner, B. E. Rey-

nolds, A. R. Hood, L. R. Hecker, S. O. Nortey, A.
Hanslin, M. J. Costanzo, E. T. Powell, A. J. Molinari,
Synthesis, 1988, p. 456, and V. V. Mozolis and S. P.
Locubaitite, Russian Chemical Reviews, 1973, 42, 587.

The aminoalcohol of formula III wherein R; is hy-
droxy, X and Xj are each —O— can be prepared ac-
cording to EP 327-127-A by first treating a compound
of the formula

OZN ' \
mm
M ¥
with a reducing agent, e.g., SnCly. 2ZH>0 in a solvent
such as ethanol to provide an intermediate of the for-

mula
HEN \
m‘”
¥

which can thereafter be treated in a solvent, e.g., dichlo-
romethane with a base, e.g., triethylamine and thereaf-
ter with an acylating agent, e.g., acetyl chioride to pro-
vide a compound of the formula

H3C“C~—Nm

Compound VII is nitrated with nitric acid in acetic
acid to provide an intermediate of the formula

VI

VII

0
|

Hi3C~C—N
| N
~H R;3
O2N O R,

which can be treated with N-bromosuccinide, in a sol-
vent, e.g., dimethylsulfoxide to provide a bromohydrin
of formula

VIII
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O

i OH
H3C"'C"']iv1 Br
H R:-
O2N O
R4

Compound IX is thereafter treated with an acid, e.g.,
hydrochloric acid in a solvent, e.g., ethanol, to provide
compounds of the formula

OH
H>N Br
Rj3-
OaN ,
O ry

In turn, compound X can be treated with a base, €.g.,
potassium hydroxide in a solvent, such as ethyl ether, to
provide intermediates of the formula

O
HaN
| R;
' O3N O Re :
which can be treated with a base such as sodium hy-

droxide in a solvent, e.g., ethanol, followed by treat-
ment with sodium oxychloride to provide

IX

X1

XII

Treatment of intermediate XII with a reducing agent,
e.g., triethyl phosphite, in a solvent, such as benzene,
provides the intermediates of the formula

O
0/ ) .
Ra:
\N_... 3
O Ry

which can be treated with ammonium hydroxide, in
solvents, such as ethanol and tetrahydrofuran, to pro-
vide aminoalcohols of formula III where R i1s hydro-
‘gen, R is trans-hydroxy and X and X are each —O—.

Compounds of formula V can be prepared by meth-
ods described in the literature, such as by J. M. Evans,
C. S. Fake, T. C. Hamilton, R. H. Poyser, E. A. Watts,
J. Med. Cheém. 1983, 26, 1582 and J. Med. Chem. 1986,
29, 2194.

Amines of formula III wherein X is —O— and X3 1s

NH, R is trans-alcohol can be prepared according to
JO 2004-791-A.

X111
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6

The compounds of formula I wherein Y is —NRgand
X1is —NCN can also be prepared by heating a thiourea
of the formula

I'{ﬁ XIV
Ri=N
)=

Rs=—N

X/N“‘* R>

R3

9
X
R4

with monosodium cyanamide in the presence of a car-
bodiimide such as the carbodiimides discussed above, in
an organic solvent.

The compounds of formula XVI can be prepared
from the amino alcohol of formula III by standard
methods (i.e., the Rasmussen and Mozolis references
above).

The compounds of formula I wherein Y 1s NRg can
also be prepared by reacting a compound of the formula

XV
O
>= NCN
Rs—N
N R»
/ = ]
X9 R
3
\N..-
X
R4
with an amine of the formula
RiRgNH XVI1

in a polar solvent, such as isopropanol. The compounds
of formula XV1 are prepared by reacting an amine of
formula III with diphenylcyanocarbonimidate.

The compounds of formula I where X; 1§ —O— and
Y is —NRg can be prepared by treatment of a com-
pound of the formula

Re

l
R1—N

XVII

with 4-nitrophenylchloroformate to provide an inter-
mediate of the formula

Re XVIII

Ri—N~—C—0— NO;.

I
O

Intermediate XVIII can thereafter be reacted with
the amine of formula IIl in an organic solvent, such as
dimethylformamide, tetrahydrofuran, acetonitrile or
dichloromethane, to provide the corresponding com-
pounds of formula I
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Compounds of formula I wherein X; and Y are OXy-
gen can be prepared from a compound of formula III by
treatment with a chloroformate of the formula

iifl) XIX

R10C—C]

in an organic solvent and in the presence of an amine

catalyst.
Compounds of formula I wherein X;is oxygenand Y
1S |

Ry

|
—CH—,

can be prepared by reacting a compound of formula Il
with an acid of the formula

R4 ﬁ) XX

|
' RjCH—C—X3

(where X3=0H, Cl)
and a carbodiimide or an acyl chloride of formula XX in
an organic solvent and a base such as triethylamine and
pyridine.

Compounds of formula I wherein X is sulfur can be
prepared by treating compounds of formula I wherein
X1 1s oxygen with Lawesson’s reagent or with P4S;0in
organic solvents such as tetrahydrofuran and toluene.

If any of the R’s in the above reactions contain one or
more hydroxy or amino groups, heterocyclo wherein
the heterocyclo ring contains an NH such as imidazolyl
then the hydroxyl, amino or mercaptan function should
be protected during the reaction. Suitable protecting
groups include benzyloxycarbonyl, t-butoxycarbonyl,
benzyl, benzhydryl, etc. The protecting group is re-
moved by standard means following completion of the
reaction. |

The compounds of the present invention can have
asymmetric centers at carbons 2—-4 of benzopyran ring.
Also, any one of the R’s can have an asymmetric car-
bon. Consequently, compounds of formula I can exist in
diastereomeric forms or in mixtures thereof. The above
described process can utilize racemates, enantiomers or
diastereomers as starting materials. When diastereom-
eric products are prepared, they can be separated by
conventional chromatographic or fractional crystalliza-
tion methods.

The compounds of the present invention wherein Rs
and/or Rg¢ 1s hydrogen, can exist as a mixture of tauto-
mers represented by the following structures. The tau-
tomeric products are obtained in relative amounts that
differ from compound to compound. All forms are
included in the scope of formula 1.

RiRgN (I')
>"—-"‘X1H
Rs—N
N R>
/ -
X R
w :
N X
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-continued
R1RgN (1)
X1H
/4
N
N R»
/ o
X R
iN.... :
A R
R]_N\ (Iru)
>—X1H
Rs=—N
N RA
/ = i
X R
. 3
X Ry

Tautomers of formula I similar to I' and I"” are also
possible wherein Y 1s O, S and

R7

:

and are also included in the scope of this invention.

The compounds of formula 1 and the pharmaceuti-
cally acceptable salts act as potassium channel activa-
tors. Thus, compounds of the present invention are
useful cardiovascular agents, e.g. as anti-arrhythmic
agents and antiischemic agents. |

As described previously, compounds of formula I are
particularly useful as antiischemic agents since they
have been found to possess little or no antihypertensive
activity. Thus, compounds of formula I are useful for
the treatment of ischemic conditions, e.g. myocardial
iIschemia, cerebral 1schemia, lower limb ischemia and
the like. The selectivity, i.e., antiischemic activity with
little or no antithypertensive activity, means that in the
treatment of, for example, ischemic heart, these com-
pounds are less likely to cause coronary steal, profound
hypotersion and coronary underperfusion. By little or
no vasodilation activity is meant that these compounds
have ICsp (rat aorta) values greater than that of the
potassium channel activator, cromakalim. The ‘‘selec-
tive” antiischemic agents typically are those having
ICsp (rat aorta) values > 10 times that of cromakalim
(i.e., have 1/10 the vasodilatory action) and preferably
those having ICsg values > 50 times that of cromakalim.

Thus, for example, by the administration of a compo-
sition containing one (or a combination) of the com-
pounds of this invention, ischemic conditions of a mam-
malian (e.g., human) host are reduced. A single dose, or
preferably two to four divided daily doses, provided on
a basis of about 0.001 to 100 mg per kilogram of body
weight per day, preferably from about 0.1 to about 25
mg per kilogram per day, is appropriate to reduce isch-
emic conditions. The substance is preferably adminis-
tered orally, but parenteral routes, such as the subcuta-
neous, intramuscular, or intravenous routes or any other
conventent delivery system, such as inhalation or intra-
nasal solutions or transdermal patches, can also be em-
ployed. The above doses are also suitable for the other
cardiovascular and non-cardiovascular uses.

As a result of the potassium channel activating activ-
ity of compounds of this invention, these compounds
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are also useful in the treatment of cardiovascular disor-
ders. For example, compounds of the present invention
are useful as therapy for congestive heart failure, as
anti-anginal agents, as anti-fibrillatory agents, as throm-
bolytic agents and in limiting myocardial infarction.

Compounds of the present invention are additionally
expected to be useful in the treatment of central nervous
system disorders (e.g., Parkinsonism, as anti-tremor
agents, epilepsy).

The compounds of this invention can also be formu-
lated in combination with a diuretic such as, chlorothia-
zide, hydrochlorothiazide, flumethiazide, hydroflume-
thiazide, bendroflumethiazide, methylchlothiazide, tri-
chloromethiazide, polythiazide or benzthiazide as well
as ethacrynic acid, tricrynafen, chlorthalidone, furose-
mide, musolimine, bumetanide, triamterene, amiloride
and spironolactone and salts of such compounds, angio-
tensin converting enzyme inhibitors such as captopril,
zofenopril, fosinopril, enalapril, ceranopril, cilazopril,
delapril, pentopril, quinapril, ramipril, lisinopril, and
salts of such compounds, thrombolytic agents such as
tissue plasminogen activator (tPA), recombinant tPA,
streptokinase, urokinase, prourokinase, and anisoylated
plasminogen streptokinase activator complex (APSAC,
Eminase, Beecham Laboratories), or calcium channel
blocking agents such as nifedipine or diltiazem. Such
combination products if formulated as a fixed dose em-
ploy the compounds of this invention within the dose
range described above and the other pharmaceutically
active agent within its approved dose range.

The compounds of formula I, and combinations
thereof, can be formulated, as described above, in com-
positions such as tablets, capsules or elixirs for oral
administration, in sterile solutions or suspensions for
parenteral administration, and may also be administered
via transdermal patch or nasal inhalation solutions.
About 10 to 500 milligrams of a compound of formula I
is compounded with physiologically acceptable vehicle,
carrier, excipient, binder, preservative, stabilizer, fla-
vor, etc., in a unit dosage form as called for by accepted
pharmaceutical practice. The amount of active sub-
stance in these compositions or preparations is such that
a suitable dosage in the range indicated is obtained.

Preferred compounds are those wherein

X and X 1s O;

X11s O, NCN;

Y 15 NReg;

R is aryl, arylalkyl;

R, is H, OH;

R3 and R4 are each alkyl;

Rsis H; and,

Re¢ 1s H, alkyl. |

Most preferred are those compounds wherein

X 1s O;

X11s O;

X1 1s O;

Y 1s NH; |

R 1s phenyl, phenylmethyl;

R 1s H, trans-OH;

R; and R4 are each methyl;

R;s 1s H; and,

Re¢is H.

Specific embodiments of the present invention are
described hereinafter in the following examples.
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EXAMPLE 1

(trans)-N"'-Cyano-N-(7,8-dihydro-7-hydroxy-6,6-
dimethyl-6H-[1]benzopyrano[6,7-c][1,2,5joxadiazol-
8-yl-N'-phenylguanidine

A. 6-Amino-2,2-dimethyl-2H-1-benzopyran

A solution of 6-nitro-2,2-dimethyl-2H-benzopyran
(prepared as described in Evans et al., J. Med. Chem.)
(4.65 g, 22.66 mmoles) and SnClz, 2H0 (25.57 g, 0.11
mole) in ethanol (46.5 ml) was heated at reflux for 45
minutes. The reaction mixture was poured onto
ice/H,0 (180 g), made basic (pH 10-11) with 50%
sodium hydroxide solution, and extracted with ethyl
acetate. The organic phase was washed with saturated
sodium chloride solution, dried over sodium suifate, and
evaporated in vacuo to obtain 3.88 g of the title A com-
pound as a brown otl.

IH NMR (CDCl3) 6 6.61 (d, J=8.21 Hz, 1H), 6.47
(dd, J=2.35 and 8.21 Hz, 1H), 6.36 (d, J=2.93, 1H),
6.22 (d, J=9.97, 1H), 5.60 (d, J=9.38, 1H), 3.35 (broad
s, 2H), 1.39 (s, 6H).

B. 6-Acetylamino-2,2-dimethyl-2H-1-benzopyran

To a solution of the title A compound (3.88 g, 22.14
mmoles) and triethylamine (2.46 g, 24.36 mmoles) in
methylene chloride (100 ml) maintained at 0° C. was
added acetyl chloride (1.82 g, 23.24 mmoles) over five
minutes. The reaction mixture was warmed to room
temperature and concentrated under vacuum. The resi-
due was dissolved in ethyl acetate (75 ml), the precipi-
tated amine. HCl was removed by filtration. The filtrate
was washed with 5% aqueous hydrochloric acid solu-
tion, saturated sodium hydrogen carbonate solution,
saturated sodium chloride solution, dried over anhy-
drous magnesium sulfate, and concentrated in vacuo to
obtain 4.85 g of a tan solid. The crude product was
recrystallized from hexane/ethyl acetate (3:1) to obtain
3.44 g of the title compound as an off-white solid. The
residue recovered from the mother liquor was chro-
matographed on silica gel eluting with 1:1 ethyl aceta-
te/hexane to afford an additional 0.49 g of the title B
product.

'H NMR (CDCl3) 6 7.52 (broad s, 1H), 7.24 (s, 1H),
7.06 (d, J=8.20 Hz, 1H), 6.69 (d, J=8.21 Hz, 1H), 6.25
(d, J=9.97, 1H), 5.60 (d, J=9.38, 1H), 2.11 (s, 3H), 1.40
(s, 6H).

C.
6-Acetylamino-2,2-dimethyl-7-nitro-2H-1-benzopyran

To a solution of the title B compound (3.93 g, 18.09
mmoles) in glacial acetic acid (17.85 ml) cooled to 8° C.
was added 90% fuming nitric acid (1.58 g, 22.6 mmoles,
1.25 eq.). After stirring for 45 minutes at ambient tem-
perature, the reaction appeared approximately 50%
complete. The reaction mixture was cooled to 8° C., an
additional 1.25 eq. of nitric acid was added. The reac-
tion was stirred for 30 minutes at ambient temperature
and poured onto 200 g ice/water. The precipitated
orange solid was collected via suction filtration, co-
evaporated with ethanol, and recrystallized from etha-
nol to afford 3.43 g of the title C compound as an orange
crystalline solid. An additional 0.39 g of product was
obtained from the mother liquor by chromatography on
silica gel eluting with 3:1 hexane/ethyl acetate.

'H NMR (CDCl3) § 10.16 (broad s, 1H), 8.36 (s, 1H),
7.58 (s, 1H), 6.39 (d, J=9.97 Hz, 1H), 5.89 (d, J=9.38
Hz, 1H), 2.25 (s, 3H), 1.45 (s, 6H).
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- D.
6-Acetylamino-3-bromo-3,4-dihydro-2,2-dimethyl-4-
hydroxy-7-nitro-2H-1-benzopyran

To a solution of the title C compound (3.41 g, 13.0
mmoles) in dimethyl sulfoxide/water (4:1) maintained
at 0° C. was added N-bromosuccinimide (4.16 g, 23.4
mmoles). The reaction was stirred at room temperature
for about 4 hours. The reaction mixture was partitioned
between ethyl acetate and distilled water. The organic
layer was washed with distilled water, saturated sodium
hydrogen carbonate solution, saturated sodium chloride
solution, dried over anhydrous magnesium sulfate and
 concentrated in vacuo to obtain 3.88 g of a yellow solid.
The crude product was recrystallized from ethanol to
afford 2.70 g of the title D compound as a yellow solid.
The residue recovered upon evaporation of the mother
liquor was chromatographed on silica eluting with 1:1
ethyl acetate/hexane to obtain an additional 0.93 g of
product.

E.
6-Amino-3-bromo-3,4-dihydro-2,2-dimethyl-4-
hydroxy-7-nitro-2H-1-benzopyran

3

10

15

20

A solution of the title D compound in a mixture of 25

ethanol (35 ml) and SN hydrochloric acid (35 ml) was
heated at reflux for 1.5 hours. The reaction mixture was
cooled to room temperature, made basic with 2N so-
dium hydroxide and extracted with ethyl acetate. The
extracts were washed with saturated sodium chloride
solution, dried over sodium sulfate and concentrated in
vacuo to obtain 3.75 g of red solid. The crude product
was recrystallized from ethanol to obtain 2.05 g of the
title E compound as a red solid. The residue recovered
upon evaporation of the mother liquor was chromato-
grahed on silica gel eluting with 3:2 hexane/ethyl ace-
tate to afford an additional 0.73 g of product.

F.
6-Amino-3,4-dihydro-2,2-dimethyl-3,4-epoxy-7-nitro-
2H-1-benzopyran

To a solution of the title E compound (2.78 g, 8.76
mmoles) in diethyl ether (250 ml) was added powered
potasstum hydroxide (8.85 g, 0.16 mole). The reaction
mixture was stirred at room temperature for 24 hours
and partitioned between distilled water and ethyl ace-
tate. The aqueous layer was extracted with ethyl ace-
tate. The combined organics were washed with satu-
rated sodium chioride solution, dried over sodium sul-
fate and evaporated in vacuo to obtain 1.58 g of the title
F compound as a red solid. The product was used in the
next step without further purification.

| G.
7,8-Dihydro-6,6-dimethyl-7,8-epoxy-6H-pyrano|2,3-
| flbenzo-2,1,3-0xadiazol-3-oxide

To a solution of the title F compound (1.45 g, 6.14
mmoles) in ethanol (130 ml) was added IN sodium
hydroxide solution (10.4 ml) followed by 5.25% sodium
oxychlornide solution dropwise over 15 minutes. The
reaction was stirred at room temperature for 30 min-
utes, diluted with saturated sodium chloride solution
(350 ml) and extracted with ethyl acetate. The com-
bined organics were washed with saturated sodium
- chloride solution, dried over sodium sulfate, and evapo-
rated in vacuo to obtain 1.42 g of the title G compound
as a light brown solid. The product was used in the next
step without further purification. |
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H.
7,8-Dihydro-6,6-dimethyl-7,8-epoxy-6H-pyrano[2,3-
flbenzo-2,1,3-0xadiazole

To a solution of the title G compound (1.42 g, 6.06
mmoles) in benzene (20 ml) at 60° C. was added triethyl
phosphite (1.11 g, 6.67 mmoles, 1.1 eq.) over 15 minutes.
The reaction mixture was stirred for three hours at 60°
C. The solvent and excess triethyl phosphite were evap-
orated under high vacuum. The residue was partitioned
between 1IN sodium hydroxide solution and ethyl ace-
tate. The organic layer was washed with saturated so-
dium chloride solution, slurried with activated charcoal
and filtered through a celite/silica gel pad. The filtrate
was dried over sodium sulfate and evaporated 1n vacuo
to obtain 0.99 g of the title H compound as an off-white
solid. The reaction product was used in the next step
without further purification.

| I.
8-Amino-7,8-dihydro-6,6-dimethyl-7-hydroxy-6H-
pyrano|2,3-flbenzo-2,1,3-0xadiazole

A solution of the title H compound (0.99 g, 4.54
mmoles) in a mixture of ethanol (5 ml), tetrahydrofuran
(5 ml) and saturated ammonium hydroxide solution (5
ml) was heated in a thick-walled glass pressure bottle at
60°-65" C. for 42 hours. The volatiles were evaporated
in vacuo to obtain 1.02 g of tan solid. The crude mate-
rial was chromatographed on silica gel eluting with
7.5% methanol in ethyl acetate to obtain 0.69 g of the

title I compound as an off-white solid.
'H NMR (DMSO-d¢) 6 8.2 (d, J=1.8 Hz, 1H), 7.1 (s,

1H), 5.7 (m, 1H), 3.7 (dd, J=2.3 and 10.0 Hz, 1H), 1.4 (s,

3 H), 1.2 (s, 3 H).

J.
(trans)-N"'-Cyano-N-(7,8-dihydro-7-hydroxy-6,6-
dimethyl-6H-[1]benzopyrano[6,7-c}-[1,2,5]oxadiazol-
8-yl-N'-phenylguanidine

A solution of the title I compound (0.43 g, 1.83
mmoles), N-cyano-N-phenylthiourea (0.42 g, 2.38
mmoles, 1.3 eq.) and 1-(3-dimethylaminopropyl)-2-
ethylcarbodiimide hydrochloride (0.46 g, 2.38 mmoles,
1.3 eq.) iIn dimethylformamide (4 ml) was stirred at
room temperature for four hours. The reaction mixture
was partitioned between 5% aqueous hydrochloric acid
solution and chloroform. The aqueous phase was ex-
tracted with chloroform. The combined organics were
washed with saturated sodium hydrogen carbonate
solution, saturated sodium chloride solution, dried over
sodium sulfate and evaporated in vacuo to obtain 1.04 g
of a tan solid. The crude product was chromatographed
on silica eluting with 1:1 ethyl acetate/hexane to obtain
0.32 g of the title compound as an off-white solid (m.p.
219°-220° C.).

TH NMR (DMSO-dg) 6 9.4 (broad s, 1H), 7.9 (broad
s, 1H), 7.7 (d, J=7.6 Hz, 1H), 7.4 (m, 4H), 7.2 (m, 2H),
6.1 (broad s, 1H), 5.1 (m, 1H), 3.9 (m, 1H), 1.45 (s, 3H),
1.25 (s, 3H).

Analysis calc’d for Ci9H18NgO3. 0.35 H2O: C, 59.33:
H, 4.90; N, 21.85; Found: C, 59.70; H, 5.00; N, 21.48.
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EXAMPLE 2

(trans)-N-(7,8-Dihydro-7-hydroxy-6,6-dimethyl-6H-
[1]benzopyrano[6,7-c][1,2,5]oxadiazol-8-yl)-N'-
phenylurea 5

To a solution of 7,8-dihydro-6,6-dimethyl-7-hydroxy-
8-amino-6H-pyrano[2,3-f]lbenzo-2,1,3-oxadiazole (0.25
g, 1.06 mmoles) (prepared as described in part I of Ex-
ample 1) in ethanol (2.5 ml) at 60° C. was added phenyl
isocyanate (0.126 g, 1.06 mmoles). The reaction was 19
heated at reflux for three hours, cooled to room temper-
ature and diluted with isopropyl ether (5 ml). The prod-
uct slowly crystallized from solution. It was collected
via suction filtration and dried under vacuum to obtain
0.18 g of the desired compound as a beige solid. The 15
residue obtained upon evaporation of the mother liquor
was chromatographed on silica gel eluting with 1:1
ethyl acetate/hexane to afford an additional 0.16 g of
product. The two crops were combined and triturated
with isopropyl ether to obtain 0.30 g of the title com- 20
pound as an off-white solid (m.p. 215°-216" C.).

I'H NMR (DMSO-d¢) 6 8.80 (s, 1H), 7.87 (s, 1H), 7.47
(d, J=7.62 Hz, 2H), 7.26 (t, J=7.62 Hz, 2H), 7.17 (s,
1H), 6.95 (m, 1H), 6.82 (d, J=7.62 Hz, 1H), 5.85 (d,
J=5.87 Hz, 1H), 4.80 (m, 1H), 3.80 (m, 1H), 1.48 (s, 3H), 25
1.27 (s, 3H).

Analysis calc’d for C13H18N4O4: C, 61.01; H, 5.12; N,
15.81; Found: C, 60.63; H, 5.18; N, 15.40.

What is claimed 1s:

1. A compound of the formula 30
Ri—Y N 1
Rﬁ"""N 35
N R>
X/
2 Rz
\ =z
N X Ry
40

and pharmaceutically acceptable.salts thereof,
wherein X 18 —QO—,

R3’
/ 45
—C
AN
R4’
Or a single bond; 50

X118 —O—, —S— or N—C=N,;
X7 is —O— or —NH—;
Y is —NR¢, —~O—, —S— or

lll': ' 55
- CH=—:

R is aryl, arylalkyl, heterocyclo or (heterocyclo)al-
kyl;

R> is hydrogen, hydroxy, 60
“OﬁCH 3;
O
| 635

R3, R3', R4 and Ry are independently selected from
hydrogen, alkyl or arylalkyl, or, R3and R4 (or Ry’
and R4') taken together with the carbon atom to

14

which they are attached form a 5- to 7-membered

" ring; with the proviso that if R3and/or R4are other
than hydrogen, then R3' and R4’ are each hydro-
gen;

Rsand Rgare each independently hydrogen, alkyl or
arylalkyl; or Ry and Rs, or, Rsand Rgor Rjand Reg
taken together can form a 5- to 7-membered ring,
which may further include an aryl group fused to 2
carbon atoms of such 5- to 7-membered ring; and

R is hydrogen, hydroxy, alkyl or O-alkyl; wherein

the term “alkyl” used in defining various symbols
refers to straight or branched chain saturated hy-
drocarbon radicals having up to eight carbons, the
terms “alkoxy” and “alkylthio” refer to said alkyl
groups attached to an oxygen or sulfur;

the term “‘alkenyl” refers to straight or branched
chain hydrocarbon radicals having from two to
eight carbons and one double bond;

the term “alkynyl” refers to straight or branched
chain hydrocarbon radicals having from two to
eight carbons and one triple bond;

the term “cycloalkyl” refers to saturated carbocyclic
rings of 3 to 7 carbon atoms;

the term *“halo” or “halogen” refers to chloro,
bromo, 10do and fluoro;

the term *‘halo substituted alkyl” refers to said alkyl
groups in which one or more hydrogens have been
replaced by chloro, bromo or fluoro groups;

the term ‘“‘aryl” refers to phenyl, 1-naphthyl, 2-napht-
hyl or mono substituted phenyl, 1-naphthyl, 2-
naphthyl wherein said substituent is alkyl of 1 to 4
carbons, alkylthio of 1 to 4 carbons, alkoxy of 1 to
4 carbons, halo, nitro, cyano, hydroxy, amino,
—NH-alkyl wherein alkyl is of 1 to 4 carbons,
—N(alkyl); wherein alkyl is of 1 to 4 carbons,
N(Rg)CO—Rg, N(R9)COCF;, N(Rg)CO-amino,
N(Rg)CO-substituted amino, CORy, COORg
(wherein Rg is Rs, aryl and haloalkyl),

Rs
—-CF3;, —OCHF;, —O~—CH; :

Rg
—S-—-CH>

(wherein Rgis hydrogen, alkyl, of 1 to 4 carbons,
alkoxy of 1 to 4 carbons, alkylthio of 1 to 4 carbons,
halo, hydroxy or CF3), —O—CH3-cycloalkyl, or
—S—CHj;-cycloalkyl, and di-substituted phenyl,
l-naphthyl, 2-naphthyl wherein said substituents
are selected from methyl, methoxy, methylthio,
halo, CF3, nitro, amino, and OCHEF3;

the term ‘“‘heterocyclo” refers to fully saturated or
unsaturated rings of 5 or 6 atoms containing one or
two O and S atoms and/or one to four N atoms
provided that the total number of hetero atoms in
the ring is 4 or less, wherein the hetero nng is
attached by way of an available atom and wherein
the term hetero also includes bicyclic rings
wherein the five or six membered ring containing
O, S and N atoms as defined above 1s fused to a
benzene ring and the bicyclic ring 1s attached by
way of an available carbon atom, which monocy-
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clic and bicyclic rings may be substituted at an X 1s O, NCN;
available carbon atom with a lower alkyl of 1 to 4 Y 1s NRg;
carbons, lower alkylthio of 1 to 4 carbons, lower R is aryl, arylalkyl;
alkoxy of 1 to 4 carbons, halo, nitro, keto, cyano, R, 1s H, OH;
“hydroxy, amino, —NH-alkyl wherein alkyl isof 1 5§ Rz and R4 are each alkyl;
to 4 carbons, —N(alkyl), wherein alkyl is of 1 to 4 Rsis H; and,

carbons, CF3, or OCHF; or which monocyclic and
bicyclic rings may have substituents at two or three
available carbons, said substituents selected from

Rg 1s H, alkyl.
3. A compound of claim 1 wherein
X 1s O;

methyl, methoxy, methylthio, halo, CFj, nitro, 10 Xjis O;
hydroxy, amino and OCHF>; and, Xy 1s O
the term “substituted amino” refers to a group of the Y 1s NH;

formula —NZ;Z; wherein Z; is hydrogen, alkyl,
cycloalkyl, aryl, arylalkyl, cycloalkylalkyl and Z>
1s alkyl, cycloalkyl, aryl, arylalkyl, cycloalkylalkyl
or Zjand Z; taken together with the nitrogen atom
to which they are attached are 1-pyrrolidinyl, 1-

15

R 1s phenyl, phenylmethyl;
R, 1s H, trans-OH;:

R3and R4 are each methyl;
Rs1s H; and,

R¢ 1s H.

4. A compound of claim 1 having the name (trans)-
N"-cyano-N-(7,8-dihydro-7-hydroxy-6,6-dimethyl-6H-
[1]benzopyrano[6,7-c][1,2,5}oxadiazol-8-yl-N'-phenyl-
guanidine.

5. A compound of claim 1 having the name (trans)-N-
(7,8-dihydro-7-hydroxy-6,6-dimethyl-6H-[1]ben-
zopyrano|6,7-c][1,2,5]oxadiazol-8-y1)-N'-phenylurea.

*

* % %k %

piperidinyl, 1-azepinyl, 4-morpholinyl, 4-thiamor-
pholinyl, l-piperazinyl, 4-alkyl-1-piperazinyl,
4-arylalkyl-1-piperazinyl, 4-diarylalkyl-1-piperazi- 20
nyl, l-pyrrolidinyl, l-piperidinyl, or l-azepinyl
substituted with alkyl, alkoxy, alkylthio, halo, tri-
fluoromethyl or hydroxy.

2. A compound of claim 1 wherein

X and X 1s O; 25

30

35

40
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